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Wind lidar measurements of mean wind speed profiles are compared to WRF model
simulations up to 600 meters above surface at a flat coastal site. It is found that the WRF
model is able predict the mean wind profile rather well, but it fails to predict its variability in
response to changes in atmospheric stability. The effect of baroclinicity on the upper part of
the presented wind profile is discussed.
The wind profiles order as expected from surface layer theory with the most unstable
profile to the left, having the smallest wind speed gradient, and the stable wind profiles with
increasing normalized wind speed values and wind speed vertical gradients. For very
stable conditions the wind speed profile shows a characteristic low level jet at around 200 m
height. It can be noticed for several of the profiles that above 500 m the normalized wind
speed decreases slightly with height, which suggests that the atmosphere is baroclinic and
not barotropic as assumed in traditional wind profile parameterizations such as that of
Blackadar (1962). Future analyses will estimate the baroclinicity shear S = (dUG/dt) h/u*0,
from the gradient of the wind profile in the upper part of the atmosphere by use of the model
for the wind profile proposed by Gryning et al. in [2]. Here UG is the geostrophic wind speed
at the top of the boundary layer, is the von Kármán constant, u*0 is the friction velocity at
the surface and h is the height of the boundary layer. The effect of baroclinicity is seen in
wind profiles for both unstable and stable conditions. Figures 7 and 8 also show
normalized wind profiles derived from the WRF model, which are characterised with much
less variability with atmospheric stability as compared to the measured wind profiles. This
suggests that the applied configuration of the WRF ARW model can be used to derive the
climatologically mean wind profile but not the daily variability around the mean value.
Looking at the wind profile from the perspective of a Weibull distribution, the WRF model is
expected to predict the scaling parameter A rather well, but can only partly account for the
daily variability which is presented with the shape parameter k.
Measurements
The measurements are carried out at the National Test Station of Wind Turbines at Høvsøre,
Denmark, which is located about 1.8 km east of the shoreline in western Jutland (Figs.1 and
2). The area surrounding Høvsøre site is very flat and homogeneous. The site is equipped with
one dedicated meteorological mast of 116.5 m height and two light towers of 160 m height
each. The wind speed is measured with Risø cup anemometers at 10, 40, 60, 80, 100, 116.5
m. The wind direction is measured with wind vanes at 10, 60 and 100 m. Observations are
also performed at 160 m top level at the nearest light tower. Turbulence measurements are
performed with ultrasonic anemometers (METEK Scientific USA-1) at 160 m on the light tower
and at 10, 20, 40, 60, 80, and 100 m on the meteorological mast. The sampling frequency of
the sonic measurements is 20 Hz. All sonic co-variances are based on 10-min averages of
linearly de-trended time series.
A pulsed long-range wind lidar (WLS70) operates at the site since April 2010. The wind lidar
measures wind speed and direction every 50 m starting at 100 meters above the ground and
reaching up to 2 km height based on Doppler shift. The range of the measurements depends
on the attainable 10-min averaged Carrier to Noise ratio (CNR). The upper measuring height
at this site is often determined by the cloud base, above which the lidar signal (1.55μm) is
much weaker. The wind lidar is equipped with a rotating silicon prism providing an optical
scanning cone of 15 degrees. One 360 degree full scan (rotation) is performed every 30 s.
The data are stored into 10-min average quantities.
The period from 15 to 30 September 2010 was chosen for this analysis based on availability of
data up to 600 m with CNR higher than -22 dB.
Model
The wind profiles were predicted with the WRF ARW model version 3.1, developed by the
National Centre for Atmospheric Research (NCAR). It is a numerical weather prediction and
atmospheric simulation system designed for both research and operational applications. Three
domains are used, with grid size 18, 6 and 2 km correspondingly. The grid point from the 2 km
resolution grid at Høvsøre is located 700 m east of the measuring mast. The model calculates
the meteorological parameters at 37 vertical levels from the surface to the top located at
pressure level 100 hPa. Ten of these levels are within the height range of 600 meters that is
analysed in this study. The model setup uses the Yonsei University (YSU) PBL scheme [3].
The model is run every 12 hours for a 48-hour forecast. After a 6 hour spin-up of the model,
the forecast up to 18 hour was used to generate a continuous time series.
1) To obtain and analyse high resolution (in time and space) observations of the wind profile in
the atmospheric boundary layer (ABL) above the surface layer. Modern wind lidars (such as
Leosphere WLS70) can measure the wind field up to 2000 m.
2) To analyse the ability of commonly available mesoscale meteorological models to predict
the mean wind profile accurately considering the complex phenomena taking place in nature
and not accounted for in the local scaling based ABL parameterization schemes.
3) To compare the lidar and model data at a flat coastal site, representative for the wind
conditions at the Danish west coast.
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Figs. 6 and 8 show profiles of normalized wind
speeds as function of stability derived from the sonic
observations at 20 m (Table 1). The full lines
represent WRF prediction. The symbols present
measurements (triangles for cup anemometers at the
mast and the dots for wind lidar). The friction velocity
used to normalize the measured wind speed is taken
from sonic measurements at 20 m. The modeled
wind speed is normalized with the friction velocity
from the WRF simulation in Fig. 6 and with the friction
velocity from sonic measurements at 20 m in Fig. 8.
Table 1. The stability classes according to Obukhov length, L. 1 
Stability class name Obukhov length interval (m). 
Very unstable (vu) -50 ≥ L ≥ -100 
Unstable (u) -100 ≥ L ≥  -200 
Near unstable/neutral (nu) -200 ≥ L ≥  -500 
Neutral (n) │L│ ≥  500 
Near stable/neutral (ns) 200 ≥ L ≥  500 
Stable (s) 50 ≥ L ≥  200 
Very stable (vs) 10 ≥ L ≥  50 
 2 
Figure 1 Figure 2
Figure 4
Figure 3
Figure 5
Figure 6
Figure 7 
Figure 8
The wind-lidar measurements are in agreement with cup anemometer measurements at
height 100 m above ground, Fig. 3. The 15-day time series of WRF ARW wind speed follows
closely the lidar wind speed at 100 m, Fig. 4. Both at 100 m and at 600 m, the WRF ARW
wind speed and the lidar wind speed differ by 1-2 ms-1 only (Figs. 5 and 7). In this analysis,
each measurement of the wind speed is normalized with the sonic-anemometer measured
friction velocity at 20 m height and then all normalized wind speeds are averaged. The WRF
ARW wind profile is derived in a similar way using the friction velocity calculated by the model.
The model-to-measurements comparison of the normalized mean wind speed profile (Fig. 6)
shows over-prediction by the WRF ARW at unstable, good agreement at neutral and under-
prediction at stable conditions. The modeled shape is similar to the measured shape of the
wind profile except at very stable conditions. When WRF ARW wind profile is normalized
with the measured friction velocity at 20 m (Fig. 8), the agreement between measurements
and model improves. This suggests that the friction velocity is poorly predicted in the WRF
ARW model with the YSU PBL scheme. The model does not reproduce the low level jet at
very stable conditions.
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